INTRODUCTION
Mammalian spermatogenesis is a complex developmental process which is dependent on a specific environment provided by the anatomical and cellular relationships in the seminiferous tubules (Oakberg, 1956 ). The whole process can be subdivided into three stages: (i) a pre-meiotic phase characterized by an increase in cell number due to mitotic division of diploid spermatogonia, (ii) a meiotic phase, which leads to the formation of haploid round spermatids and (iii) a post-meiotic phase which includes the morphogenetic events required for spermatozoa formation (spermiogenesis) (Griswold, 2016) . Such multistep pathway in turn requires the invocation of numerous cellular processes and a strict regulation of cell specific gene expression in germ cells as well as surrounding somatic cells.
However, the mechanism of spermatogenesis remains still elusive. To understand the mechanism of testicular germ cell differentiation, it is of great importance to isolate germ cell specific genes and characterize their functions. The polymerase chain reaction (PCR)-coupled subtractive hybridization technique called Representational Difference Analysis (RDA) have been used to identify testis-specific genes which are expressed only in adult rat testis and not in pre-pubertal testis (Lisitsyn & Wigler, 1993; Hubank & Schatz, 1994; Bowler, 2002; Gomes et al., 2005; Oh et al., 2013 ).
Molecular cochaperones which belong to family of Hsp40/ DnaJ have to be recruited by Hsp70 for its proper activity (Cyr et al., 1994 , Kim et al., 2015 . Hsp40/DnaJ, J family protein, is defined by the presence of a J domain (Walsh et al., 2004) . A sequence based classification system has been established (Cheetham & Caplan, 1998; Ohtsuka & Hata, 2000) . Type I DnaJ protein have all the three distinct domains: (i) a highly conserved J domain of approximately 70 amino acid residues in which the tripeptide histidine-proline-aspartic acid (HPD, J box) is located between the predicted helices II and III, (ii) a glycine and phenylalanine (G/F) rich region and (iii) a cysteine rich region resembling a zinc finger domain (Bork et al., 1992) . Type II DnaJ proteins have a J domain linked by a G/F rich region to while type III DnaJ proteins have a J domain but lack the other sequence features that are found in type I and II members of the family.
As many as 41 different J family proteins have been identified to date (Meccariello et al., 2014) . The first J family protein, MSJ-1, which was expressed specifically in male germ cell was reported (Berruti &Martegani, 1998) and followed by numerous reports on DnaJ family proteins which function during spermatogenesis as well as spermiogenesis (Meccariello et al., 2014) . Type III DnaJ family protein, rDJL, was reported to be localized in acrosome region of spermatozoa (Yang et al., 2005) . It has been reported that a mutant type I DnaJ protein (DjA1) can cause severe defect in spermatogenesis as well as aberrant androgen signaling in vivo (Terada et al., 2005) . In the present study, we report the cloning of a type III member of DnaJ protein family, DnaJC18 cDNA and expression pattern of the gene at mRNA and protein levels in male germ cell of rat testis.
MATERIALS AND METHODS

Materials
Male Sprague Dawley rats and New Zealand rabbits were purchased from Daehan Biolink (Korea). RNAzol B reagent was purchased from Biotecx Laboratories (TX, USA). Nylon and nitrocellulose membranes were purchased from Sigma (MO, USA). Restriction enzymes were purchased from DCC-BIONET (Korea). The [α- 
Total RNA isolation
Total RNA was isolated from 100-600 mg of tissue using the acid phenol guanidinium method (Chomczynski & Sacchi, 1987) . Tissues were submerged in RNAzol B and homogenized with Biomixer (Nissie, Japan) for 1-2 min at 2,000 rpm. One-tenth volume of chloroform was added to the homogenate and the mixture was vortexed vigorously for 20 secs. The suspension was centrifuged for 15 mins at 14,000 rpm and the upper aqueous phase was taken. Equal volume of isopropanol was then added to the aqueous solution and the sample was kept for 15 mins on ice followed by centrifugation at 14,000 rpm for 15 mins. The RNA pellet was washed with 75% ethanol by centrifuging for 10 mins at 14,000 rpm. All centrifugations were done at 4℃. Finally, the pellet was dried for 10 mins, resuspended in DEPC treated water by vortexing and quantified by optical density measurement.
Construction of subtracted cDNA library
In order to identify the specific genes expressed only in adult rat testis, subtracted cDNA library was constructed using Representational Difference Analysis (RDA) [Hubank & Schatz, 1994; Gomes et al., 2005; Oh et al., 2013] . RDA was carried out with a commercial kit (PCR select, BD Clontech, CA, USA). Driver cDNA population (D-cDNA) and tester cDNA population (T-cDNA) were prepared from prepubertal (2-week-old) and adult (8-week-old) male rat testis, respectively. Briefly, 2 μg of cDNAs were digested with RsaI and the digested T-cDNAs were then divided into two fractions and ligated to two different primers, respec- 
Molecular cloning of rat DnaJC18 cDNA
One of the clone, 230 bp fragment (tsg-107) from the above subtracted library was used to screen rat testis cDNA library (BD Clontech, RL300a, CA, USA) to obtain fulllength cDNA clones (Sambrook & Russel, 2001 ). In short, about half a million plaques were plated on ten top LB agarose plates with a density of about 5×10 5 plaques per plate.
When the diameter of the plaques reached around 0.5-0.7 mm, the phage particles were transferred on to a nylon membrane followed by denaturation and neutralization. The DNA was then cross-linked to the membranes by UV. The membranes were incubated in prehybridization solution (6 X saline-sodium-citrate, SSC; 0.1% SDS; 5 X Denhardt solution; 100 μg/mL of denatured Salmon sperm DNA) at 65℃ for 2 h. Then, [α-32 P]-labeled 230 bp cDNA was added to the fresh prehybridization solution (1×10 6 cpm/mL) and incubated at 65℃ for 20 h. The random priming procedure was used to radiolabel the DNA (Feinberg & Vogelstein, 1983) . The membranes were washed with 2×SSC/0.1% SDS at RT for 30 mins twice followed by a final wash with 0.3 × SSC/0.1% SDS at 50℃ for 30 mins twice and were exposed to X-ray film at -80℃ for autoradiography.
Northern blot analysis
Total RNA (about 10 µg) from each sample was fractionated in a 1% formaldehyde/agarose gel and transferred on to a nylon membrane followed by UV cross-linking (Lee et al., 1997) . Northern blots were pre-incubated in a solution containing 50% formamide, 50 mM NaH 2 PO 4 , 5× Denhardt solution, 5 × SSC, 0.1% SDS, 2% Dextran, 1 mM EDTA and 100 μg/mL of denatured salmon sperm DNA at 42℃ for 12 h. Hybridization was performed with the [α-32 P]-labeled cDNA probe (pCG1.3) prepared by random priming procedure as described previously under the same conditions of pre-incubation for 24 h. Following hybridization, blots were washed in 2 × SSC/0.1% SDS for 10 min at room temperature; 1×SSC/0.1% SDS for 30 min at 65℃, and 0.1×SSC/0.1% SDS for 30 min at 65℃. After washing, the membrane was exposed to X-ray film for 24 h for autoradiographic signals.
In situ hybridization
The in situ hybridization was carried out as described (Lee et al., 1999) . Adult rat testis was fixed at 4℃ for 6 h in 4% paraformaldehyde in PBS followed by overnight im- for 30 mins and a final stringency of 0.1 × SSC. Slides were dipped into NTB-2 emulsion (Eastman Kodak Co., NY, USA) and exposed at 4℃ for 2 weeks until development. The slides were stained with hematoxylin, counterstained with eosin and examined under a light microscope with bright and dark field illumination.
Raising of polyclonal anti-DnaJC18 antibodies
The BSA conjugated with 20 amino acids peptide -NH 2 GLYRDERLRQKAESLKLENC COOH-, corresponding to residues #325-#344 of DnaJC18 protein was synthesized by AnyGen Co. Ltd. (Korea). The BSA conjugated synthetic peptide was dissolved at the concentration of 0.2 mg/mL in physiological saline and emulsified with 1 ml of Freund complete or incomplete adjuvants. Two New Zealand rabbits were immunized with 0.2 mg of fusion protein per single immunization, four times at intervals of two weeks. After three booster injections of antigen, blood was collected.
The affinity purification of the antibody was carried out with Melon Gel IgG purification kit (Pierce, IL, USA) and subsequently used for western blot analysis and immunohistochemistry.
Western blot analysis
The rat tissue homogenates from 8-week-old rats were fractionated as described (Laemmli, 1970) and subjected to 10% SDS-PAGE. Proteins were electroblotted to nitrocellulose membranes (Sigma, MO, USA) using a Trans Blot Cell 
Northern blot analysis of rat tissues with
DnaJC18 cDNA
To investigate the tissue expression pattern of rat DnaJC18 mRNA, rat multiple tissue blot was hybridized with insert from pCG1.3 as a probe. A transcript whose size is believed to be about 1.4 kb was exclusively found only in testis ( Fig.   2A ), indicating that DnaJC18 gene expression is restricted in mature testis among tissues tested. Total RNA extracted from testis of 7, 21, 35, 49 and 70 day-old rats were subjected to Northern blot analysis. There was a faint signal after 21 days of testis, and strong signals were detected from postnatal day 35 and expressed up to adulthood (Fig. 2B ).
These data indicated that the expression of the DnaJC18 gene was expressed strongly only in postpubertal rat testis.
In situ hybridization of DnaJC18 mRNA in rat testis
In order to check the cellular distribution of DnaJC18 mRNA in the adult rat testis, in situ hybridization was carried DnaJC18 mRNA was detected from mid pachytene to early elongated spermatids, with its maximum expression in the round spermatids (Fig. 3E) . The signals were detected Presence of signals in late pachytene spermatocytes, round spermatids and elongated spermatids were identified as black spots in the bright field and white spots in the dark field. Section hybridized with DnaJC18 sense probe, showed only background signals (F). Representative data are shown. Scale bar represents 50μm.
as dark and white spots in the bright (Fig. 3A and 3C ) and dark fields (Fig. 3B and 3D ) of photoradiographs, respectively. Negative control section hybridized with a sense DnaJC18 probe showed no signals (Fig. 3F) .
Western blot analysis of DnaJC18 protein
Rabbit polyclonal DnaJC18 antibody was raised against the synthetic peptide as described in Materials and Methods.
The antibodies were affinity purified and the specificity of (Fig. 4A ).
However nonspecific bands of higher molecular weight were observed in brain and heart as well. Western blot analysis was also carried out to check the expression pattern of DnaJC18 at various developmental stages of rat testes.
There was faint expression of DnaJC18 protein in 3 weeks postnatal testis, which is consistent with Northern blot analysis. Significant level of DnaJC18 protein was expressed from testis of postnatal week 4 (Fig. 4B) . (Fig. 5D ) and postnatal week 9 (Fig. 5F ). Adult testicular sections showed strong signals in well-differentiated seminiferous tubules mainly in round spermatids and to some extent in elongated spermatids (Fig. 5F ).
Subcellular localization of DnaJC18 protein
To ascertain the subcellular localization of type III DnaJC18 protein, we transfected CV1 (kidney cell line) and GC2 (germ cell line) cells with the plasmid encoding green fluorescent protein (GFP) and with GFP-DnaJC18 fusion protein, respectively, and carried out confocal microscopic studies. Transfection with pEGFP-C1 (control plasmid, GFP alone) showed ubiquitous expression of GFP protein in CV1 (Fig. 6A) and GC2 (Fig. 6C) 
DISCUSSIONS
Previously two testes specific type II DnaJ proteins MSJ-1 (Berruti et al., 1998) and MFSJ1 (Yu & Takenaka, 2003) were reported. J domain within DnaJ protein family is known to mediate interaction with the Hsp70 and regulate its ATPase activity (Meccariello et al., 2014 (Berruti & Marteganu, 2001 ).
The male germ cell specific expression of DnaJC18 at the mRNA transcript level as well as the protein level indicates that DnaJC18 might play a pivotal role in the process of spermatogenesis in adult testis. Further functional studies are needed to elucidate its role during rat male germ cell development.
